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High mortality amongst hospitalised patients with HIV-associated TB despite 

TB treatment: derivation and validation of a predictive tool 

Statistical Analysis Plan 

 

Introduction and background 

Despite the initiation of TB treatment and early ART, mortality in patients with HIV-associated TB 

(HIV-TB) who are admitted to hospital remains high.[1] A recent systematic review and meta-

analysis found a 29% (95% CI 20-38%) mortality among hospitalised adults with HIV-TB.[2] Predictors 

of mortality vary between studies, but include current CD4 cell count, anaemia, indices of 

malnutrition and, as recently shown in a systematic review, urinary LAM-detection.[3–14] 

Clinical predictor and prognostic scores have been developed and validated for HIV-positive patients 

presenting with PCP,[15] Cryptococcal meningitis [16] and pneumonia.[17] The TBScore was 

developed to predict outcome in pulmonary TB,[18] and a score to predict MTB bacteraemia 

amongst HIV-positive hospital admissions has also been developed.[19] No tool to predict mortality 

in HIV-TB patients admitted to hospital in sub-Saharan Africa (SSA) has been developed. 

Furthermore, the aforementioned prediction tools have not been externally validated in different 

populations or settings, or had their impact evaluated. 

A prognostic scoring tool for mortality in HIV-TB could be used in clinical practice to enhance the 

clinical care of patients with the worst prognosis. It could also have research applications, including 

aiding the development and evaluation of adjunctive interventions for HIV-TB, and identifying those 

patients who may benefit from such interventions. 

 

Aim 

To develop and validate a pragmatic, clinically applicable tool for use at admission for predicting 

early mortality (defined as < 2 months) in patients with HIV-TB admitted to hospital in SSA. 

 

Study population 

The population for developing the tool will be patients who are HIV-positive who are admitted to 

hospital and diagnosed with microbiologically/laboratory confirmed TB, defined as any positive: 

• Mycobacterial culture 
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• Xpert MTB/RIF assay 

• Determine TB-LAM assay 

 

Outcome 

The outcome for this study will be early mortality, defined as death within 2 months of admission. 

 

Methods: developing the prognostic model 

A cohort of patients with microbiologically confirmed HIV-TB admitted to hospital in high-prevalence 

settings in sub-Saharan Africa nested within the STAMP clinical [ref] trial will be used to develop the 

prognostic model. 

• Clinically relevant and pragmatic demographic and clinical variables will be chosen for 

possible inclusion in the model based upon (1) a priori knowledge from existing studies, (2) 

based on univariate associations with mortality in development dataset (3) the need for 

unambiguous, reproducible variables that are available in most clinical settings where the 

tool may be used.  

• In keeping with good practice, a minimum of 10 events (deaths) will be required for each 

candidate predictor studied.[25] 

• Continuous variables (such as CD4 cell count and haemoglobin) will be kept as continuous 

predictors when practical or converted to ordered categorical variables or dichotomised to 

simplify the score (based on previously established cut-offs or data-derived categories based 

on associations with outcomes). Continuous variables will be assessed for non-linearity using 

fractional polynomials functions, and may need to be transformed in the regression models. 

• Univariate associations between demographic and clinical variables and mortality will be 

tested using χ2 and risk ratios with 95% Cis and/or logistic regression.  

• A backward elimination stepwise approach to logistic regression modelling will be used to 

identify candidate predictor variables. Variables will be kept in the model based on p-values 

using likelihood ratio tests and Akaike information criterion (AIC), aiming to avoid overfitting. 

• Further evaluation will include testing for interaction and comparing transformations of 

predictors where appropriate 

• A clinical predictor score will be developed by giving dichotomous variables a value of 0 or 1, 

and using the regression coefficients from the logistic regression model to calculate the 

relative contribution of the variable to the risk score. Regression co-efficients will be 
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rounded to integers and/or scaled ans assigned as points to each variable in the final risk 

score 

• The score will be a continuous factor and an ordered categorical factor for simplification, 

with risk score categories being created based on plotting risk score against observed 

mortality. 

• Missing data will be assumed to be missing at random. Complete case analysis will be used if 

observations missing data are <5%, otherwise multivariable multiple imputation with 

chained equations will be used to deal with missing data. 

 

Methods: validating the prognostic model 

 

The performance of the model will be evaluated  on: 

• Model discrimination (ability to differentiate patients who would die within 2 months to 

those who survived) by calculating the concordance (C)-index (also known as the area under 

the receiver operator curve), assuming a C-index <0.6 showed poor discrimination [26] 

• Model calibration, assessed by plotting the probability of mortality predicted by the model 

against those observed in the derivation dataset using a calibration plot and the Hosmer-

Lemeshow test, assuming a p<0.05 indicated poor calibration 

• Potential clinical usability, practicality and face validity. 

• Although the primary outcome measure is mortality risk at 2-months, exploratory analyses 

will evaluate the performance of the predictive score for deaths at different times by 

stratifying deaths as early or late (this will be defined based on the distribution of time to 

death) 

Internal validation of the model will be done using bootstrapping of the development dataset to 

stimulate 100 ‘resampled’ populations of the same size.  

External validation of the model will be done using recent (2012 or later) hospital cohorts of HIV-TB 

patients from the high-prevalence HIV and TB countries in sub-Saharan Africa. Data is from MSF 

Homa Bay cohort study and LAM RCT clinical trial) is available and planned for external validation. 

• Performance of the model will be based on both calibration and discrimination 

• Calibration will be investigated by comparing expected mortality outcomes based on the 

predictive model and actual outcomes and compared using χ2test. The values will also be 

plotted for comparison, and accompanied by the Hosmer-Lemeshow ‘goodness of fit’ test 
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• Discrimination will be tested using both area under the receiver operating curve (the 

concordance index/C-statistic). 

• Mortality risks will be calculated based on the risk score (both either a continuous and/or 

ordered categorical variable as defined for the derivation cohort) 

If performance of the model is sub-optimal, it may be adjusted (either re-calibrated or revised) using 

the data in the validation dataset. This should improve stability and generalisability of the model. 

 

Impact of the prognostic model 

Finally, the outline of studies to test the impact of the clinical prediction tool will be developed and 

presented. 

 

Ethical considerations 

As this study is using secondary data, ethical approval will not be required. However, the original 

studies in which the data was collected should have undergone approval from the appropriate 

ethical committee(s)/review boards. 
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Appendix 1: Candidate variables for development dataset 

Category Variable Comment 

Demographics 

Age  

Gender  

Date of admission  

Site/study  

HIV 

 

New diagnosis Yes/No 

ART status 
Never/Currently 

On/Interrupted etc.. 

Time on ART/Date ART started  

TB 

 

Previous history of TB Yes/No 

Clinically suggested TB Yes/No 

Date of starting TB treatment  

Reason for starting TB 

treatment 
 

Admission 

Reason for admission  

Duration of illness  

Presence of TB symptoms 
Cough, fever, night sweats, 

weight loss 

WHO TB symptom screen  

Respiratory rate  

Heart rate  

Systolic BP  

Temperature  

Karnofsky score/assessment of 

function 
 

WHO danger signs  

Weight/BMI  

Lab results (at admission) 

CD4 cell count (absolute)  

Haemoglobin  

C-Reactive Protein  

TB diagnostics 

Urine LAM Positive/Negative/Not done 

Urine LAM grade 1,2,3,4,5 

Sputum Xpert Positive/Negative/Not done 

Non-sputum Xpert Positive/Negative/Not done 

Sputum culture Positive/Negative/Not done 

Non-sputum culture Positive/Negative/Not done 

CXR suggestive of TB Yes/No/Not done 

Outcome 

 

All-cause 2 month mortality Yes/No/LTFU 

Date of death  

Date of discharge  

 


